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Abstract 
In order to resolve the problem that makes the user being lost in a large amount of data, this paper refines the mothed 
of COP and suggests a scenario based on human factors. We first analyse the status and role of the user in the process 
of producing a COP, and advance the main links which human factors influence in the production chain., then we 
argue on the necessary capabilities and specific functions of COP based on hunam factors refer to data orgnizaton, 
data acquisition, data processing mechanism and data visualization, at last we suggest a specific production flow of 
COP based on human factors. Empirical results prove that the COP based on human factors makes the traditional 
COP more concise and clear, and maintains the attribute of “common”. The production method of COP based on 
human factors is a refinement of the traditional one, and in the specific systematical application, it needs more 
research on the requirements of users to make this method more reliable and common. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of ICAE2011. 
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1. Introduction
COP is the short name of Common Operational Picture. The aim of COP is to perform the collection,
processing, management and distribution of the real-time battlefield situation information, in order to 
provide tools to get the shared battlefield situational information. [1]  
Today, it will need a large amount of data to produce a COP. The massive complicated information 
production and data must be gathered, fused and exploited to produce a useful operational picture. This 
fusion process is mainly completed by users, and it needs a number of people to identify the data and 
information, extract the useful ones. This process results in too much information flows in the C2 
information pipe to insure the useful production. But only a little of this productions is necessary to the 
users. How to resolve the contradiction between massive information and the limited capability of 
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recognition? This paper considers the evaluation of human factors as a good way, through the 
participation of people to resolve the redundancy of information, and facilitate the human recognition of 
the visualization. 
2. The human factors In COP 
NATO RTO organization has conducted a large amount of research on the visualization of massive 
data, and the RTO-MP-IST-045 workshop “Visualization and Common Operational Picture”  [2] 
thought massive data visualization should include three aspects: military application, human factors and 
technologies. It needs an integration of these three factors so as to provide more suitable visualization 
architecture.
The human factors influence nearly every parts of the production of COP, and these should include the 
following items. 
 Data acquisition and feedback 
In the COP system, each user could select different kinds of data as their need, and the user can modify, 
append and delete the data by his own specific knowledge to improve the quality of the data. 
 Type of Visualization Selection 
User could select different kind of visualization based on his own preference. This also means the 
selection of different data format, as vector, grid and vide data refers to an image. 
 Precision of Data Selection 
As to the same data, we could select different kind of process to get the different precision of data, and 
get the visualization production of different precision. This course is as to make a balance between the 
rate and quality of visualization. The evaluation of precision includes temporal scale, spatial resolution 
rate and Completeness. For example, a commander of a higher echelon interests in different battlefield 
resolution with the commander of a lower level.  
 Process Mode Selection 
This means which mode could be adopted and which data process phase. For example, when identify 
the identity of a target; there can be three optional ways to complete this task [3]: data level fusion, feature 
level fusion and decision level fusion. 
Therefore, a COP based on human factors is to provide a decision oriented view to the commander, 
visualization and shared battlefield environment, so as to realize the accurate situational awareness and 
rapid decision making.  
A COP based on human factors should have the following five capabilities [4] ：
 Establish and understand the aim of command and control 
 Determine the role, responsibility and relationship. 
 Create the rules and constrained factors 
 Investigate and evaluate the situation and development 
 Provide sources. 
In order to realize the capabilities above, so as to have the users focus on very region on the world of 
interest and establish a situational picture based on the data from different regions or countries, the COP 
based on human factors should have the functions to establish multi-level task picture of abstraction from 
the forecasting picture of lower level to decision map of higher leadership; transform a great amount of 
raw data to meaningful content which can be easily understood at a glance, and could preview or review 
the situational picture alike the operations of video; present the data quality or source, and make the users 
understand the scope and abstraction of the situational picture; suggest the decision makers from different 
places acquire the shared situational awareness from the common operational picture, which already 
exceed single situational awareness. 
3. The key problems in user defined operational picture 
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3.1 Organization of the data 
We suggest to adopt an object oriented way so as to make the hierarchy structure and high-related of 
the data sets, therefore, to make it more quick and accurate when select data according to specific task, 
which will avoid the pretermission of data. 
The specific rules of taxonomy should include the following three points: 
 The objective-oriented method of encapsulating massive data 
First we focus on the extraction of attributes of data, for example we could set the attribute “logistic 
unit” as a parameter to extract data of correlation which can be aggregated to a data set {A}, then classify 
the data to different subsets ({A1i, A2i, A3i,…Ani}) by different criterion I, and each subset could be 
divided into more specific sub-subsets by the same way. “Fig.1” 
 The inheritance of data 
Adopt the aforementioned methods, each subset inherit all the basic attributes of the superset and add 
new attributes to depict the object more specifically. 
 The diversity of data  
For we could use different way to classify the data set by different attribute parameter, which could 
provide more viewpoints for different commanders.      
3.2 The acquisition of data 
The common operational picture usually adopt an Network-centric approach to design the system, 
which comprises of a center processing and numbers of clients, inherence, the acquisition of data should 
also adopt a Network-centric approach.  
 Request and response mechanism 
Client sends a request to the server, the server responds to requests to return the required data. 
 Submit and publish mechanism 
The client first identifies interest data type, the data type in the permission will be published to the 
network for user. 
Fig.1 The objective-oriented method of encapsulating massive data 
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In the specific application, in general, it is not commonly used to retrieve data when use the request / 
response mechanism, the client at the request, need to get response. And for the Submit and publish 
mechanism, the client submit the requirements, which will not necessarily get a response from the server. 
3.3 The data process mechanism 
Facing massive battlefield data, it is important to adopt the suitable method to make them into 
visualization, and the visualization will not influence the “common” problem. In order to resolve the 
conflict between self-definition of "personality" and situational awareness of the "commonality", a good 
mechanism to process the data should include the following points: 
First, the data processing of a defined common operational picture carries out in a given range of data, 
which means the users from different levels use the data set defined by the higher level.  
Second, in order to void being "drowned" in a large amount of data, users should filter the data and 
delete the useless ones; this seems as the "discriminating" approach when we study the complex issues. If 
we display all the data on common operational picture without extraction, the use will get lost again. 
Third, there should be a data compression processing mechanism. U.S. Chairman of Joint Chiefs 
of Directive [6] classify the COP data into four importance levels, this is task required data, task 
necessary data, task additional data and data will promote the ability of task complete. Therefore, when 
processing the COP, the process should reflect the distinction of importance, and mainly represent the 
most important ones, refers to the not very important data, we should neither ignore them nor represent 
them all. 
Forth, there should be a data feedback mechanism. Commanders comment on data based on their 
knowledge and understanding,, so as to facilitate the understanding  of the situation. If troops comments 
on their own location information, other units can be timely sharing these situational changes. 
3.4 Visualization of data 
There have been much researches on visualization methods, refers to the COP based on human factors, 
according to data organization, access methods, processing characteristics, and its "shared" feature, this 
paper argues  visualization should have the following characteristics. 
 Due to the “submit and publish” mechanism, the visualization should have the data alert mechanism, 
which will alert the user when the required data is delayed or rejected. 
 Due to the requirement of data process mechanism, the visualization should first represent the 
importance level of data. For example, the important data should be displayed normally; the secondary 
can be displayed briefly. 
 Due to the hierarchy of data set, there should be a data fusion engine to decompose, aggregate and 
associate the data first. For example translate a COP of higher level to the one of a lower level, its own 
graphics will decompose or be tailored, conversely, there will be symbol fusion. 
4. The method to generate a COP Bbased  on human factors 
Refer to any certain data set; changes of visual expression will go with the changes 
of different command levels. This kind of change occurs by differences of task and interest of the 
commander. Therefore, the COP based on human factors should have some rules to suit the adjustment as 
to maintain both shared situational awareness and pertinence. 
A Process to create a COP based on human factors should include the following four steps [5]: 
 Select the data to add to a COP based on human factors.  
 Perform any desirable transformation and annotation steps.  
 The COP based on human factors is assembled and displayed using whatever visualization 
mechanisms are most appropriate – 2D or 3D maps, tabular views, timelines, and so on.  
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 The user makes the composite COP based on human factors product available in a shared space that is 
discoverable by other users.  
Combined with earlier studies, this paper argues the generation of user defined common operational 
picture should include data processing, visualization, the results distribution and feedback 
mechanism between the modules. 
 The user classify the data set by his own task requirements or interests, the take the self-defined way of 
classification to as the trace to select the data. 
 Divide the selected data into different importance levels by specific implementation. 
 Adopt the most suitable method to visualize the selected data base on different task requirements, 
different interests and different data structure. 
 Comment on the visualization products. 
 Distribute the visualization products on web for others to use. 
5. Conclusion 
This paper mainly argues on every modules of producing a user defined common operational picture, 
specifically research on the data organization, acquisition, processing mechanism and visualization 
method. Then suggest a user defined way to generate a common operational picture. 
The way to build an excellent architecture of the user defined common operational picture must 
be combined with practical application for specific need; we should understand the specific requirements 
and business flow. For example, we should know the specific requirements which help to extract the 
suitable attributes, and then we can organize the data by the object-oriented method. 
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